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A B S T R A C T
We studied the gestures used by children with classic Rett syndrome (RTT) to provide
evidence as to how this essential aspect of communicative functions develops. Seven
participants with RTT were longitudinally observed between 9 and 18 months of life. The
gestures used by these participants were transcribed and coded from a retrospective
analysis of a video footage. Gestures were classiﬁed as deictic gestures, play schemes, and
representational gestures. Results of the analysis showed that the majority of gestures
observed were of deictic character. There were no gestures that could be classiﬁed as play
schemes and only two (e.g., head nodding and waving bye bye) that were coded as
representational or symbolic gestures. The overall repertoire of gestures, even though
not necessarily delayed in it’s onset, was characterized by little variability and a
restricted pragmatic functionality. We conclude that the gestural abilities in girls with
RTT appear to remain limited and do not constitute a compensatory mechanism for the
verbal language modality.
 2012 Elsevier Ltd. Open access under CC BY-NC-ND license.1. Introduction
Rett syndrome (RTT) is a severe neurodevelopmental disorder that generally affects females and is mainly caused by
mutations in the X-linked MECP2 gene (Amir et al., 1999; Neul et al., 2010). It is associated with severe intellectual disability,
autistic-like behavior, communicative restrictions and difﬁculties in hand use coinciding with speciﬁc stereotyped
movements such as hand-wringing or washing-like movements (Carter et al., 2010; Cass et al., 2003; Hagberg, Aicardi, Dias,
& Ramos, 1983; Kaufmann et al., 2012; Kerr, Archer, Evans, & Gibbon, 2006; Matson, Fodstad, & Boisjoli, 2008; Neul et al.,
2010). One of the necessary criteria for classic RTT is a recognizable regression that is followed by a period of recovery or
stabilization (Neul et al., 2010). Regression is deﬁned by a loss of previously acquired skills, speciﬁcally spoken language and
purposeful hand use. The general development before regression was initially believed to be asymptomatic, but recent* Corresponding author at: Institute of Physiology, Center for Physiological Medicine, Medical University of Graz, Harrachgasse 21/5, 8010 Graz, Austria.
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repertoires during the ﬁrst year of life (e.g. Burford, 2005; Einspieler, Kerr, & Prechtl, 2005a,b; Kerr et al., 2006; Leonard &
Bower, 1998; Marschik, Einspieler, Oberle, Laccone, & Prechtl, 2009; Marschik, Einspieler, & Sigafoos, 2012; Marschik,
Kaufmann, et al., in press; Marschik, Pini, et al., 2012; Tams-Little & Holdgrafer, 1996).
The recent description of early peculiarities in the speech-language and motor domain have contributed to a better
understanding of how MECP2 deﬁciencies inﬂuence early (functional) brain development, and consistent additions to this
body of knowledge might lead to a more timely diagnosis. As diagnosis to date is usually made at a mean age of 3 years and
usually after the onset of regression (Fehr et al., 2011; Laurvick et al., 2006), there are limited possibilities to study the pre-
regressional development (Marschik & Einspieler, 2011). Retrospective video analysis and retrospective questionnaires
(parental interviews) are currently the methods of choice to track down early developmental peculiarities in speech-
language and communicative development during this period. Questionnaires have proven to be a valuable source of
documenting various concurrent behaviors including speech-language functions in children with developmental disabilities
(Charman, Drew, Baird, & Baird, 2003; Luyster, Lopez, & Lord, 2007). However, retrospective assessments of communicative
functions must be interpreted more cautiously when considering the following factors affecting reliability: (a) long time lag
between the interview/questionnaire and period of interest; (b) memory bias of parents with affected children; and (c) the
lack of parental training in the observation of linguistic or cognitive skills (Einspieler, Widder, Holzer, & Kenner, 1988;
Marschik & Einspieler, 2011; Marschik, Einspieler, Garzarolli, & Prechtl, 2007). Consequently, the best available method for
obtaining a detailed description of various developmental domains in children with late-clinical-onset disorders is the
retrospective video analysis of non-standardized home movies (Einspieler et al., 2005a; Maestro et al., 2001; Marschik &
Einspieler, 2011; Ozonoff et al., 2011; Palomo, Belincho´n, & Ozonoff, 2006; Saint-Georges et al., 2010).
Given the methodological restrictions of assessing developmental proﬁles during the pre-regression period in RTT, there
are only a few studies that report on early speech-language and communicative functions. The scaffolding function of early
language capacities that precede and predict later ones is the reason why it is of high relevance to focus on this critical period
of development in girls with RTT.
Increased language comprehension abilities appear to be a route to productive language abilities, and communicative
gestures appear to facilitate this transition (Capone & McGregor, 2004; Iverson & Goldin-Meadow, 2005; Volterra & Erting,
1990). For example, in the ﬁrst year of life, typically developing children begin to communicate through vocalizations, eye
gaze, and gestures to express their needs and desires (e.g. Bates, Camaioni, & Volterra, 1975; Karmiloff & Karmiloff-Smith,
2001; Stone, Ousley, Yoder, Hogan, & Hepburn, 1997; Trevarthen & Hubley, 1978). Gestural development usually begins with
the use of deictic gestures or pre-linguistic gestures (or performatives; e.g. showing, giving, pointing, reaching out) around
10–12 months of age. Performatives are usually observed a month before the ﬁrst words (Bates, Benigni, Bretherton,
Camaioni, & Volterra, 1979; Bates et al., 1975; Goodwyn & Acredolo, 1993) and followed by play schemes where children
depict an object in terms of its functions. Representational (sometimes referred to as symbolic) gestures usually emerge
before the 25-word milestone (Acredolo & Goodwyn, 1988; Capone & McGregor, 2004), and can be differentiated from play
schemes in that the referent is not manipulated (e.g., using the hand to symbolize a ﬂying airplane) and they do not change
with context. Representational gestures are often complementary to spoken words (Iverson, Capirci, & Caselli, 1994), and as
gestures and vocalizations simultaneously appear they increase the saliency of communicative acts that facilitate
interpretations by the caregiver. This in turn increases parental responsiveness to communication (Karmiloff & Karmiloff-
Smith, 2001; Vallotton, 2009; Yoder, Warren, Kim, & Gazdag, 1994).
Only a few studies have so far dedicated their focus of interest to the development of gestures in RTT. Lava˚s, Slotte,
Jochym-Nygren, Van Doorn, and Witt-Engerstro¨m (2006) reported that, among a cohort of 125 girls with RTT, 50% were able
to use eye-pointing, index ﬁnger pointing, or orther gestures, without further specifying the latter. Pre-regressional gesture
use was ﬁrst described by Tams-Little and Holdgrafer (1996) by means of parent-completed questionnaire. They also focused
on forms and functions of gestures and speculated about having discovered an early marker for RTT. Our own studies on
females with the preserved speech variant (PSV) of RTT, a milder variant with relatively better speech-language abilities,
revealed restricted repertoires of their socio-pragmatic functions and communicative gestures during the second year of life
after a period with abnormal inspiratory vocalizations (i.e. proto-vowel or proto-consonant alternations produced on
ingressive airstream; Marschik, Einspieler, et al., 2012; Marschik, Kaufmann, et al., in press; Marschik, Pini, et al., 2012).
Because our previous studies of individuals with PSV revealed a restricted repertoire of intentional gestures (Marschik et al.,
2009; Marschik, Kaufmann, et al., in press) we were curious as to how this essential aspect of communicative functions develops
in individuals with classic RTT. In order to obtain a better understanding of the development of communicative gestures in
females with RTT, we designed the present study to address the following questions: (1) At what age do intentional gestures ﬁrst
occur? (2) What gestures can be observed during the ﬁrst 18 months of life in individuals with RTT? (3) How complex is the
gestural repertoire during this age period? and (4) How can gestures be categorized (deictic/proto-symbolic/representational)?
2. Methods
2.1. Participants
The present study focused on the acquisition and composition of the gestural repertoire of seven females with RTT who
were longitudinally observed between 9 and 18 months of life. Four were from English speaking families (Cases 1, 2, 3, and 6)
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pregnancies and deliveries with birth weights, birth lengths, occipitofrontal circumferences, and Apgar scores in the normal
range. All participants were MECP2 mutation-positive. The study was approved by the relevant research ethics committees.
All parents gave their informed consent, including consenting to the publication of the results.
2.2. Procedure
This study is based on the retrospective analysis of a comprehensive video footage from typical family routines (play
situations, bathing, feeding, etc.) and special events (such as religious festivals, birthdays or family gatherings) when the
participants were between 9 and 18 months of age. All videos had been made by the females’ parents, who were not aware at
that time that their daughters had RTT. The analyses are based on 21 h of total footage comprised of 358 separate clips. A
research assistant, naive to the purpose of the study, checked the recordings for sufﬁcient length and quality standards,
copied the relevant video recordings, and prepared them for analysis (unifying the codecs and sampling the recordings
across the age range).
2.3. Assessment of the gestural repertoire
From the retrospective video footage we analyzed the occurrence and use of intentional gestures for communicative
purpose. All gestures were coded and transcribed in chronological order using the Noldus Observer-XT. Each transcript and
coding (by TW) was rechecked by a second transcriber (CE, KBP, or PBM) against the audio–video ﬁles in order to ensure
accuracy and consistency. In case of disagreement, the video-sequences in question were discussed within the team until
agreement was achieved. The ﬁnal transcriptions were analyzed to classify gestures using the Austrian-German adaptations
of the MacArthur-Bates Communicative Development Inventories, a checklist to assess early socio-communicative
functions, early gestures, vocabulary and grammar (ACDI; Marschik et al., 2007).
3. Results
The extent of the gestural repertoire was limited to between one and six different gestures per child. The complexity and
the composition of the gestural repertoire are given in Table 1. The ﬁrst intentional gestures (demonstrating an object, head
nodding, and waving bye bye) were observed during the 9th month of age. These earliest gestures were exhibited by Cases 4
and 7. Cases 2 and 3 showed their ﬁrst communicative gestures during their 10th month of age; Case 1 one month later; and
Case 6 at 12 months of age. Case 5, however, showed no gestures during any of her videotapes. The appearance of the ﬁrst
three gestures (only applicable to Cases 3 and 4; see below for the complexity of the repertoire and Table 1) was observed
within the same month of the ﬁrst gesture; Case 4 acquired the ﬁrst three intentional gestures during the 9th month of age,
and Case 3 during the 10th month of age.
The overall composition of the gestural repertoire consisted of the following gestures: (a) demonstrating an object, (b)
passing on an object, (c) index ﬁnger pointing, (d) extending arms, (e) head nodding, and (f) waving bye bye. These observed
gestures refer to the following potential communicative functions or purposes: (a) attention to self, (b) requesting an object,
(c) requesting an action, (d) answering, and (e) imitation.
The classiﬁcation of gestures into deictic gestures, play schemes, and representational gestures revealed the following
results: the majority of gestures observed (4 out of 6 overall observed gestures) were of deictic character. There were no
gestures that could be classiﬁed as play schemes. Two gestures were of representational or symbolic character, namely, head
nodding (exhibited by Cases 1, 3, 4, and 7) and waving bye bye (Case 4). Both symbolic forms were only observed in Case 4,
the participant who had the earliest onset of deictic gestures and the most complex gestural repertoire that consisted of six
different intentional gestures (Table 1). Cases 2 and 6 exclusively showed gestures of deictic character, Case 5 – as mentioned
above – did not display any gestures.Table 1
Gestural repertoire of seven females with RTT between 9 and 18 months of life.
Demonstrating
an object
Passing
an object
Index ﬁnger
pointing
Extended arms
seeking comfort
Head nodding
indicating yes
Waving indicating
bye bye
Total number
of gestures used
Case 1 * & & & * & 2
Case 2 & & * & & & 1
Case 3 * * & * * & 4
Case 4 * * * * * * 6
Case 5 & & & & & & 0
Case 6 * & & & & & 1
Case 7 * & & & * & 2
(*) presence and (&) absence of gestures.
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Since the ﬁrst suggestions of atypical development during the pre-regression period in individuals with RTT, there has
been a mounting body of knowledge regarding early functional abnormalities in RTT. This study is a continuation of our
previous work reporting on early speech-language dysfunctions in RTT and its preserved speech variant based on
retrospective video analysis (Marschik et al., 2009; Marschik, Einspieler, Prechtl, Oberle, & Laccone, 2010; Marschik,
Einspieler, et al., 2012; Marschik, Kaufmann, et al., in press; Marschik, Lanator, Freilinger, Prechtl, & Einspieler, 2011;
Marschik, Pini, et al., 2012). It sheds new light on a developmental domain that has been reported to be atypical in RTT, as
indicated by retrospective parental questionnaires (Kerr et al., 2006; Lava˚s et al., 2006; Tams-Little & Holdgrafer, 1996). We
have to keep in mind, however, the limitations of both methods, retrospective questionnaires and retrospective video
analysis. The latter has limited value in assessing quantitative aspects of speech-language capacities, as recordings usually
do not cover an exhaustive set of acquired capacities (Marschik & Einspieler, 2011). On the other hand, video analysis allows
for direct observation of early speech-language abilities that cannot be reliably assessed using retrospective parent report
due to limitations such as potential memory bias and restricted knowledge about communicative and linguistic
development (Einspieler et al., 1988; Luyster et al., 2007; Marschik et al., 2007).
Using retrospective parental questionnaires, Tams-Little and Holdgrafer (1996) revealed that gesture use as a precursor
for linguistic development was delayed in girls with RTT. Based on this ﬁnding – and on reports about delayed gestural
development in children with developmental disabilities such as autism spectrum disorder, late talkers, children with
speciﬁc language impairment, and individuals with acquired brain lesions (Capone & McGregor, 2004; Charman et al., 2003;
Hill, Bishop, & Nimmo-Smith, 1998; Sauer, Levine, & Goldin-Meadow, 2010; Thal & Tobias, 1992) – we expected a delayed
onset of the ﬁrst intentional gesture(s) in girls with RTT. Contrary to our expectations and previous ﬁndings, the onset of the
ﬁrst communicative gestures was not delayed in our – admittedly small – sample. The two girls in our study who acquired at
least three gestures (Cases 3 and 4) acquired them within one month from the ﬁrst gesture. On the other hand, early
acquisition does not necessarily predict a greater complexity of the gestural repertoire compared to the individuals
displaying a later onset of gestures. Case 7, for example, acquired her ﬁrst gesture at an age of 9 months, but she acquired only
one more gesture during the assessment period.
If we have a closer look beyond the appearance of the ﬁrst gesture(s) and the development of the gestural repertoire,
the picture changes dramatically. The overall repertoire of gestures for all individuals was characterized by little
variability and a restricted pragmatic functionality. We observed only six different gestures in the entire corpus. This
restricted repertoire is in line with previous observations in RTT (Tams-Little & Holdgrafer, 1996) and also in individuals
with autism who were reported to have a limited repertoire of gestures and a lower proportion of gestures combined with
vocalizations as compared to typically developing children (Landa, 2008; Wetherby, Yonclas, & Bryan, 1989). The
pragmatic functions covered by the gestural repertoire (Table 1) are restricted to attention to self, requesting an object,
requesting an action and imitation (Sigafoos, Arthur-Kelly, & Butterﬁeld, 2006; Sigafoos, Woodyatt, Keen, et al., 2000). The
repertoire, consisting of demonstrating and passing an object, ﬁnger pointing, extending arms toward the caregiver,
nodding with the head, and waving bye bye is comparable to the repertoire reported in girls with PSV of RTT (Marschik,
Kaufmann, et al., in press). In addition, as reported earlier (Dahlgren Sandberg, Ehlers, Hagberg, & Gillberg, 2000; Marschik
et al., 2009; Marschik, Kaufmann, et al., in press; Tams-Little & Holdgrafer, 1996), the individual gestural repertoires were
very limited with a maximum of six different gestures (range 0–6; Table 1). The limited repertoire of gestures might result
from the fact that girls with RTT were reported to have difﬁculties in focusing their attention to relevant sources of
information and exhibit limited behaviors indicative of an intention to communicate (Fabio, Antonietti, Castelli, &
Marchetti, 2009; von Tetzchner, 1997; Woodyatt & Ozanne, 1992a, 1992b, 1993). This is closely related to joint attention
behaviors that are considered to play a central role in identifying gestures with communicative intent and in social
communication in general (Dahlgren Sandberg et al., 2000; von Tetzchner, 1997). Indeed, a reduced intention to
communicate inﬂuences the social-reciprocal system in that children developing atypically tend to be more passive in
conversational activities, and that adults in turn are less likely to interact with passive children compared to more active
ones (Karmiloff & Karmiloff-Smith, 2001).
Classiﬁcation of the types of observed gestures revealed that four of the six gestures were of deictic character. No gestures
were with play scheme character, but there were two symbolic gestures. We agree with Charman et al. (2003) in describing
the gestures as more likely to be instrumental or functional actions rather than symbolic gestures per se. Furthermore, the
gestures classiﬁed as symbolic gestures here (nodding with the head and waving bye bye) have to be seen in the light of
imitations with perseverative character and in close relation to the emergence of stereotypies. Therefore, caution should be
taken when making interpretations as some of the observed gestures might mimick communicative behaviors while lacking
actual communicative intent. The repertoire of representational gestures might be considered as restricted as Acredolo and
Goodwyn (1988) reported a mean number of three to ﬁve representational gestures in infant toddler gestural repertoires.
Another interesting ﬁnding was that index ﬁnger pointing was only observed in two girls: in Case 4 who had a repertoire
of six gestures and also Case 2 who displayed index ﬁnger pointing as her only gesture. Again, this ﬁnding was comparable to
those of girls with PSV of RTT in that these children also had limited pointing abilities (Marschik, Kaufmann, et al., 2012). This
is in line with reports on children with RTT and ASD who overall displayed less pointing, showing objects, and less joint
attention as compared to typically developing children (Charman, 1998; Nomura & Segawa, 1990; Shumway & Wetherby,
2009; Stone et al., 1997).
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is the small sample size that limits generalizability of the ﬁndings. Furthermore, the actual range of the gestural repertoire
might have been broader than the amount extracted from the video footage. Case 5, for example, is reported here as
displaying no gestures, but her footage was the shortest, and some months were not covered sufﬁciently. Consequently,
these ﬁndings should be interpreted with caution as this individual may have potentially exhibited gestures that simply
were not recorded. Furthermore, retrospective video recordings are not standardized and several factors may vary
substantially among recordings, potentially affecting the assessment of communicative behaviors. Variation was often seen
in the duration of the recordings, communicative setting (high vs. low communicative settings), number of people involved
in the video, etc. (Matson, Wilkins, & Gonza´lez, 2008). However, video analysis may enable observers to clearly distinguish
between potential communicative acts and preintentional communicative forms, i.e. caregivers assigning meaning to the
child’s behaviors (Sigafoos, Woodyatt, Tucker, Roberts-Pennell, & Pittendreigh, 2000; Woodyatt & Ozanne, 1993). Another
issue to be addressed is the onset of regression in RTT, which is not easily deﬁned and able to be ascribed to a deﬁnite date but
is rather a gradual process of decline over various developmental domains. Regression in classic RTT as well as in its
preserved speech variant is characterized by, at least, the loss of hand skills and productive language (Neul et al., 2010).
Nevertheless, non-verbal communicative functions and motor skills could also be affected. Most commonly, regression takes
place between 12 and 18 months, but in a few cases even before 6 months of age or after 36 months (Charman et al., 2002).
The exact onset of regression is, however, difﬁcult to deﬁne and might have started in at least some of the individuals of our
study by the end of the observation period.
Considering that gestures are a predictor for later language development and scaffold language and cognitive
development (Bates et al., 1975; Rowe & Goldin-Meadow, 2009; Tomasello, Striano, & Rochat, 1999), our ﬁndings might
contribute to the early detection of RTT. We are cautious not to label it as a contribution to early diagnosis as this requires
further study, validation and consideration of other developmental domains. ‘‘Early diagnosis is a good development only if
the diagnoses are reliable, have good predictive validity, and are useful in assisting better care and prognosis’’, as Matson,
Wilkins, et al. rightly stated (2008, p. 76). Nonetheless, our ﬁndings in combination with recent attempts to identify
behavioral patterns deviant from typical development may facilitate early detection in the near future.
5. Conclusions
This study characterized another parameter of the deviant atypical character of communicative development in girls with
classic RTT: speciﬁcally, the deﬁcit in communicative gestures. Just like individuals with Down syndrome, girls with RTT
have difﬁculties in verbal abilities. However, children with Down syndrome have a dissociative proﬁle with the advantage
that gesture use often compensates for verbal insufﬁciencies (Caselli, Vicari, Longobardi, Lami, & Pizzoli, 1998; Zampini &
D’Odorico, 2009), whereas gestural abilities in girls with RTT remain limited and do not constitute a compensatory
mechanism for the verbal language modality.
The use of gestures is considered to be an early index of global communicative skills (Rowe & Goldin-Meadow, 2009;
Rowe, O¨zc¸alıs¸ kan, & Goldin-Meadow, 2008) and certain genetic disorders might have speciﬁc atypical communicative
developmental trajectories. There is, however, still the need for a more detailed understanding of this issue to address the
question of whether the observed pattern is speciﬁc to RTT. Despite our conﬂicting ﬁndings regarding the ﬁrst appearance of
gestures, we agree with Tams-Little and Holdgrafer (1996) that a limited repertoire of gestures in conjunction with
qualitative peculiarities in other speech-language domains might be characteristic for a severe neurodevelopmental
disorder like RTT.
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